SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Cell Culture. HEK293-T cells (human embryonic kidney cell line) were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum, 1% penicillin/streptomycin, 2mM L-glutamine. Stable PINK1 KD SH-SY5Y and control SH-SY5Y cells were cultured in DMEM supplemented with 10% fetal calf serum, 2mM L-glutamine, 10mM HEPES, and puromycin at a maintenance concentration of 0.6µg/ml. In some experiments, cells were treated with forskolin (Sigma-Aldrich) and H89 (Santa Cruz Biotechnology), at 50µM and 10µM, respectively, which were added directly to the medium from stock solution.
Primary Neuronal Cell Cultures. For primary mouse midbrain cultures, pups were taken at postnatal d2-4.
Embryos/pups were obtained either by crossing homozygote animals and comparing same age control animals, or by crossing two heterozygote animals and comparing genotypes within a litter. Animal husbandry and experimental procedures were performed in full compliance with the United Kingdom Animal (Scientific Procedures) Act of 1986. Heads were collected in chilled dissection medium (HBSS without Ca 2+ or Mg 2+ , supplemented with 0.45%
(v/v) D-glucose, 1 mM sodium pyruvate and 10 mM HEPES pH 7.4), as previously described (Gandhi et al., 2009 ).
The whole brain was removed from the skull case in a Petri dish containing chilled dissection medium under sterile conditions, and the meninges were removed. The cortices or midbrain was carefully dissected and transferred to a sterile micro tube containing ~0.5 ml chilled dissection medium and allowed to settle under gravity. Dissection medium was replaced with 500 μl pre-warmed trypsin solution for 15 minutes at 37˚C with gentle agitation halfway through incubation. The trypsination solution was aspirated and the cortices/midbrain washed three times with 500 μl pre-warmed attachment medium (1x Modified Eagles Medium (MEM) with Earles and L-glutamine, 1 mM pyruvic acid, 0.45% (w/v) D-glucose, and 10% (v/v) heat inactivated fetal bovine serum). The tissue was triturated using sterile fire-polished glass pipettes of differing pore diameter until a smooth suspension was produced. Cells were placed in a humidified CO2 incubator (5% CO2 in air) at 37 C for 3-4 hrs, before replacing the attachment medium with pre-warmed maintenance medium (Neurobasal medium (Invitrogen), 2% (v/v) B27 supplement, 2 mM glutamine, 100 I.U./ml penicillin and 100 I.U./ml streptomycin and 0.45% (v/v) D-glucose). Once the cells were in maintenance medium, half of the medium was replaced weekly. All live cell imaging experiments were performed between d10-d14 in culture. Neurons were easily distinguishable from glia: they appeared phase bright, had smooth rounded somata and distinct processes, and lay just above the focal plane of the glial layer.
Plasmids. Preparation of the human NCLX-encoding plasmid was described previously (Palty et al., 2004 MitoPericam encoding plasmid was provided by Dr. Atsushi Miyawaki (Wako, Japan) (Nagai et al., 2001 ). The human NCLX shRNA plasmid was obtained from Sigma (Mission TRC shRNA Target Set TRCN-5045). Plasmid encoding human NCLX tagged with c-myc at C-terminal was obtained from OriGene.
Immunoblot Analysis. NCLX and PINK1 immunobloting was performed as previously reported (Palty et al., 2010) . Briefly, cells were extracted using boiling denaturative lysis buffer (1% SDS, 10 mM Tris-HCl, pH 8).
Protein concentrations were determined using the modified Lowry procedure. Equal amounts of protein (20 µg) from total fraction and pure mitochondria samples were resolved by SDS-PAGE and transferred onto nitrocellulose membranes. Immunoblot analysis was performed as described previously (Palty et al., 2010) For specific determination of NCLX expression in mitochondria, cell fractionation was performed as previously described (Bozidis et al., 2007) . Briefly, 48h after transfection, HEK293-T cells were homogenized using a glass Douncer homogenizer with ice cold isolation buffer containing 225mM manitol, 75mM sucrose, 0.5mM EDTA, 10mM HEPES, pH adjusted to 7.4 with KOH. The lysates were centrifuged at 1500×g for 5 min at 4°C, supernatant was re-suspended in 200 µl of the same buffer and re-centrifuged for 4 min at 12,000×g at 4°C. The pellet, containing the mitochondrial fraction was then diluted with 100 µl cold isolation buffer and used immediately for immunoblot analysis. Protein concentration was determined by Bradford procedure, according to manufacturer's protocol (Bio-Rad). Equal amounts of protein (10 µg) from total fraction and pure mitochondria samples were resolved by SDS-PAGE and transferred onto nitrocellulose membranes. Immunoblot analysis was performed as described previously (Palty et al., 2010 ) using custom-made antibody against NCLX (Palty et al., 2004; 1:1000) , and against cytochrome c oxidase (COXIV-1) (Santa Cruz Biotechnology, 1:100), diluted into 5% milk in Trisbuffered saline solution with Tween 20.
Immunoprecipitation and Mass Spectrometry. HEK293-T cells were transfected with c-myc tagged human NCLX encoding plasmid. 48h post-transfection cells were incubated with forskolin or co-treated with H89 and forskolin, as already mentioned, lysed and lysate immunoprecipitated with anti c-myc agarose beads (Pierce AnticMyc Agarose; Thermo Scientific), using manufacturers protocol. Briefly, cells were lysed using non-denaturing lysis buffer (20mM Tris HCl pH=8, 137mM NaCl, 1% NP-40, 2mM EDTA), supplied with protease inhibitors (Sigma) and phosphatase inhibitors cocktail (PhosSTOP; Roche). The lysate was centrifuged at 16,000g for 20min
at 4ºC to remove cell debris, and supernatant was further incubated with anti c-myc agarose beads for 1h at 4ºC in a rotative agitator. Beads were washed as follows: three times with 1 ml Wash buffer I (50 mM Tris-HCl, pH7.5, 150 mM NaCl, 10% glycerol, 1% Triton X-100, 100 mM NaF, 5 μM ZnCl2, 1 mM Na3VO4, 10 mM EGTA, pH 8.0), one time with 1 ml Wash buffer II (50 mM Tris-HCl, pH7.5, 150 mM NaCl, 10% glycerol, 100 mM NaF, 5 μM ZnCl2,1 mM Na3VO4, 10 mM EGTA, pH8.0). After washing twice with 1 ml Wash buffer III (50 mM TrisHCl, pH 7.5, 150 mM NaCl, without protease inhibitors) samples were reduced and alkylated on agarose beads (5 μl DTT, 5 mM final, 60 min in 50mM ammonium bicarbonate at 60°C and then in 5 μl iodoacetamide 25mM final, 45 min in dark in the same buffer at room temperature, as previously described (Fukuyama et al., 2012) . Trypsin (10ng modified sequencing grade, Roche) in 50mM ammonium bicarbonate was added and proteins were incubated overnight at 37 °C while shaking. The reaction was stopped with 10μl 10% formic acid. Peptides were recovered and the beads were discarded by filtering through C18 Tips (PolyLC INC) and eluted with 100 μL 50% methanol, 5% FA. Samples were partially dried in a speedvac to remove the methanol.
For in vitro PKA assay, prior to washing step with Washing buffer 3, NCLX containing beads were incubated with alkaline phosphatase (New England Biolabs) for 30min at 37˚C to insure for maximally reduced basal phosphorylation (Hjerrild et al., 2004) . Beads were further washed 3 times with Buffer for Protein Kinases (PK) (50 mM Tris-HCl,10 mM MgCl2,0.1 mM EDTA,2 mM DTT,0.01% Brij 35,pH 7.5) and in vitro phosphorylation on NCLX containing beads by PKA catalytic subunit (New England Biolabs) was performed at 30˚C for 30min in PK buffer supplemented with ATP, according to manufacturer's protocol.
LC-MS/MS was performed using a 15 cm fused-silica capillary column (inner diameter75 um) made in-house and packed with 3 um ReproSil-Pur C18AQ media (Dr. Maisch GmbH). Samples were applied to an UltiMate 3000 Nano LC System, (Dionex). The LC system was used in conjunction with an LTQ Orbitrap XL mass spectrometer (Thermo Fisher Scientific) operated in the positive ion mode and equipped with a nanoelectrospray ion source.
Peptides were separated with a 120 minute gradient from 5 to 65% acetonitrile (buffer A, 5% acetonitrile, 0.1% formic acid and 0.005% TFA; buffer B, 90% acetonitrile, 0.2% formic acid and 0.005% TFA). The voltage applied to the union to produce an electrospray was 1.2 kV. The mass spectrometer was operated in the data-dependent mode. Survey mass spectrometry scans were acquired in the Orbitrap with the resolution set to a value of 60,000.
Up to the six most intense ions per scan were fragmented and analyzed in the linear ion trap.
Raw data files were searched with MASCOT (Matrix Science) against a Swissprot database. Mascot results were further analyzed on Scaffold (Proteome software). glucose, pH adjusted to 7.4 with NaOH, and supplemented with 0.1% bovine serum albumin, as previously described (Palty et al., 2010) . Ringer solution was supplemented with 100µM ATP when indicated. In HEK293-T cells, mitochondrial Ca 2+ levels were monitored by transiently expressed mitochondrially targeted ratiometric Pericam (mitoPericam). MitoPericam fluorescence in HEK293-T cells was acquired at 430 nm excitation (Ca 2+ -sensitive wavelength) and 550 nm emission as previously described. In rescue experiments in which knockdown of endogenous NCLX was performed and NCLX mutants or NCLX WT were ectopically expressed, residual endogenous activity of NCLX was subtracted, as previously described (Palty et al., 2010) .
Mitochondrial Ca 2+ in digitonin-permeabilized (0.007% digitonin) HEK293-T cells was determined as previously described (Palty et al., 2010) , in a buffer containing 220 mM sucrose, 10 mM HEPES, 5 mM succinate, 2.5 mM KH2PO4, 0.4 mM EGTA, and 1 μM cyclosporine A, with the pH adjusted to 7.4 with KOH.
Following the addition of 60 μM Ca 2+ , and Ca 2+ loading of the mitochondria, 1 μM ruthenium red was added to eliminate a leak of Ca 2+ . Then 20 mM NaCl was added as indicated.
For mitochondrial Ca 2+ measurement in SH-SY5Y cells, cells were loaded for 30min with 5µM Rhod-2 AM.
Following dye loading, the cells were washed in Ringer's solution for 30min, and the coverslips were mounted in a chamber that allowed the perfusion of cells. Rhod-2 was excited at 552nm wavelength light and imaged with a 570-nm-long pass filter. For measurements of cytosolic and mitochondrial Ca 2+ in PINK1 KO neurons, cells were loaded for 30 min at room temperature with fluo-4 AM in combination with 5μM X-Rhod-1 and 0.005% pluronic acid in a HEPES-buffered salt solution (HBSS) composed of (in mM): 156 NaCl, 3 KCl, 2MgSO4, 1.25 KH2PO4, 2 CaCl2, 10 glucose and 10 HEPES; pH adjusted to 7.35 with NaOH, as previously described (Gandhi et al., 2009) . For experiments using permeabilized cells, neurons were exposed to 20 µM digitonin in a "pseudointracellular" solution consisting of (in mM) 135 KCl, 10 NaCl, 20 HEPES, 5 pyruvate, 5 malate, 0.5 KH2PO4, 1 MgCl2, 5 EGTA, and 1.86 CaCl2 (to yield a free Ca 2+ of ~100 nM, pH 7.1).
Confocal Imagining. Confocal images were obtained using a Zeiss 710 UV-VIS CLSM equipped with a META detection system and a 40x oil immersion objective. Illumination intensity was kept to a minimum (at 0.1-0.2 % of laser output) to avoid phototoxicity and the pinhole set to give an optical slice of ~2µm. For PI or X-Rhod-1 measurements the 565 nm laser line and emission above 580nm were used. Hoechst 33342 was measured using 405nm laser for excitation and 440-470 nm emission. All data presented were obtained from at least 5 coverslips and 2-3 different cell preparations.
Fluorescent Measurements of Mitochondrial Membrane Potential.
Changes in inner mitochondrial membrane potential (ΔΨm) were monitored by detecting microfluorimetric changes in fluorescence (ΔF) of the membrane potential-sensitive probe TMRM (Nita et al., 2012) . Cells were loaded for 30min at room temperature and superfused with 25nM TMRM, excited at 545 nm and imaged with a 570 nm emission filter as previously described. 
